Background: This study aims to investigate: (a) the putative association between the presence of microcalcifications and the expression of both epithelial-to-mesenchymal transition and bone biomarkers, (b) the role of microcalcifications in the breast osteoblast-like cells (BOLCs) formation, and (c) the association between microcalcification composition and breast cancer progression. Methods: We collected 174 biopsies on which we performed immunohistochemical and ultrastructural analysis. In vitro experiments were performed to demonstrate the relationship among microcalcification, BOLCs development, and breast cancer occurrence. Ex vivo investigations demonstrated the significant increase of breast osteoblast-like cells in breast lesions with microcalcifications with respect to those without microcalcifications. Results: In vitro data displayed that in the presence of calcium oxalate and activated monocytes, breast cancer cells undergo epithelial to mesenchymal transition. Also, in this condition, cells acquired an osteoblast phenotype, thus producing hydroxyapatite. To further confirm in vitro data, we studied 15 benign lesions with microcalcification from patients that developed a malignant condition in the same breast quadrant. Immunohistochemical analysis showed macrophages' polarization in benign lesions with calcium oxalate. Conclusions: Altogether, our data shed new light about the role of microcalcifications in breast cancer occurrence and progression.
Assessment of the Mesenchymal Phenotype in Breast Lesions
In order to assess the acquirement of a mesenchymal phenotype, both in mammary cells and in breast lesions, the expression of vimentin and Cluster of Differentiation (CD44) by immunohistochemistry was assayed. For each sample, immunohistochemical reactions were evaluated by assigning a score from 0 to 3 according to the number of positive breast cells.
Overall, our results showed a significant group effect on the vimentin signal (p < 0.0001) ( Figure 1A) . Also, the expression of vimentin in malignant lesions is significantly higher than in benign lesions (ML− 1.40 ± 0.12 vs. BL− 0.33 ± 0.11; p < 0.0001) ( Figure 1A-E ). Nevertheless, we found that the number of vimentin-positive cells was significantly increased in the lesions with microcalcifications (BL+ 1.00 ± 0.06; ML+ 2.00 ± 0.12) ( Figure 1C ,E) with respect to those without microcalcifications, both in the benign and in the malignant condition (BL+ vs. BL− p < 0.0001; ML+ vs. ML− p < 0.0001) ( Figure 1B,D) .
In line with vimentin expression, we noted a significant group effect about the number of CD44 positive cells (p < 0.0001) ( Figure 1F-J) . In addition, the number of CD44 positive breast cells was significantly higher in malignant lesions when compared to the benignant ones (BL− 0.61 ± 0.11 vs. ML− 1.36 ± 0.07; p < 0.0001) ( Figure 1G,I) . Interestingly, we detected a higher expression of CD44 in the lesions with microcalcifications (BL+ 1.09 ± 0.05; ML+ 1.80 ± 0.11) ( Figure 1H ,J) when compared to those without microcalcifications, both within the benign and malignant group (BL− vs. BL+, p < 0.0001; ML− vs. ML+, p = 0.0046). In line with vimentin expression, we noted a significant group effect about the number of CD44 positive cells (p < 0.0001) ( Figure 1F-J) . In addition, the number of CD44 positive breast cells was significantly higher in malignant lesions when compared to the benignant ones (BL− 0.61 ± 0.11 vs. ML− 1.36 ± 0.07; p < 0.0001) ( Figure 1G,I) . Interestingly, we detected a higher expression of CD44 in the lesions with microcalcifications (BL+ 1.09 ± 0.05; ML+ 1.80 ± 0.11) ( Figure 1H ,J) when compared to those without microcalcifications, both within the benign and malignant group (BL− vs. BL+, p < 0.0001; ML− vs. ML+, p = 0.0046). 
Identification of Osteoblast-Like Cells in Breast Lesions: BOLCs
Immunohistochemical analysis of Receptor Activator of Nuclear Factor κ B (RANKL), osteopontin (OPN), and Vitamin D Receptor (VDR) was performed to detect the presence of mammary cells with an osteoblast-like phenotype in breast lesions. For each sample, immunohistochemical reactions were evaluated by assigning a score from 0 to 3 according to the number of positive breast cells.
By comparing lesions with microcalcifications and lesions without microcalcifications, we found that RANKL and OPN were consistently more expressed in the lesions with microcalcifications in a significant manner. In more detail, a significant group effect was detected in the rate of OPN positive breast cells (p < 0.0001) (Figure 2A -E). OPN expression was focally distributed with an increase in the in the proximity of macrocalcifications ( Figure 2C ,E). The Mann-Whitney test showed increased OPN expression in BL as compared to both MLs (BL− 0.65 ± 0.07 vs. ML− 1.27 ± 0.10; p = 0.0025) ( Figure 2A ). Moreover, significant difference was observed for OPN expression comparing lesions with (BL+ 1.36 ± 0.17; ML+ 1.70 ± 0.12) or without calcifications (BL− vs. BL+, p = 0.0010; ML− vs. ML+, p = 0.043). Similarly, significant group effect was observed for RANK-L expression (p < 0.0001) ( Figure 2F -J). Also, we noted a significant difference between (a) BL− (0.63 ± 0.11) and ML− (1.25 ± 0.06) (p < 0.0001) ( Figure 2F ), (b) BL− and BL+ (1.03 ± 0.29) (p = 0.02 )( Figure 2F ), (c) ML− and ML+ (1.80 ± 0.06) (p < 0.0001) ( Figure 2F ), and (d) BL− and ML+ (p < 0.0001) ( Figure 2F ). Despite a significant group effect was observed for the VDR expression (p = 0.036) ( Figure 3A -E), we did not find differences in the VDR signal, in the presence or absence of microcalcifications (BL+ 1.80 ± 0.10 vs. BL− 1.49 ± 0.13, p = 0.084; ML− 1.77 ± 0.12 vs. ML+ 1.92 ± 0.12, p = 0.055) ( Figure 3A ). Despite a significant group effect was observed for the VDR expression (p = 0.036) ( Figure 3A -E), we did not find differences in the VDR signal, in the presence or absence of microcalcifications (BL+ 1.80 ± 0.10 vs. BL− 1.49 ± 0.13, p = 0.084; ML− 1.77 ± 0.12 vs. ML+ 1.92 ± 0.12, p = 0.055) ( Figure 3A ). 
Osteoblastic Differentiation and Mineralization in Breast Lesions: A Home for BOLCs
To provide further support to the evidence of osteoblast-like cells in mammary tissue, we wanted to investigate the expression of factors that properly promote the differentiation of osteoblast in bone. Thus, we performed immunohistochemical analysis on Bone Morphogenetics Protein-2 (BMP-2), Bone Morphogenetics Protein-4 (BMP-4), and Pentraxin 3 (PTX3) and we evaluated them 
To provide further support to the evidence of osteoblast-like cells in mammary tissue, we wanted to investigate the expression of factors that properly promote the differentiation of osteoblast in bone. Thus, we performed immunohistochemical analysis on Bone Morphogenetics Protein-2 (BMP-2), Bone Morphogenetics Protein-4 (BMP-4), and Pentraxin 3 (PTX3) and we evaluated them by assigning a score from 0 to 3 according to the number of positive breast cells in randomly-selected regions.
Our results showed a significant group effect for all these biomarkers (BMP-2, p < 0.0001; BMP-4, p < 0.0001; PTX3, p < 0.0001) ( Figure 3F , and Figure 4A ,F). In more detail, we found a striking increase in BMP-2 signal in both benign and malignant lesions with microcalcifications compared to their counterpart with no microcalcifications (BL− 0.65 ± 0.15 vs. BL+ 1.25 ± 0.09, p = 0.0011; ML− 1.04 ± 0.09 vs. ML+ 2.13 ± 0.09, p < 0.0001) ( Figure 3F -J). Interestingly, the intensity of the signal found in the benignant lesions with microcalcifications (BL+) was comparable to that detected in the malignant condition in absence of microcalcifications (ML−) ( Figure 3H ,I). Consistently, (but at a lower level), the same trend was revealed for the expression of BMP-4 (BL− 0.63 ± 0.16 vs. BL+ 1.14 ± 0.13, p = 0.0231; ML− 1.11 ± 0.09 vs. ML+ 1.51 ± 0.10, p = 0.0027) ( Figure 4A -E). A significant group effect was also found for PTX3 analysis (p < 0.0001) ( Figure 4F ,G). Moreover, we could confirm a significantly higher expression in malignant lesions with microcalcifications (ML+ 2.20 ± 0.11) as compared to malignant lesions without microcalcification (ML− 1.39 ± 0.13) (p < 0.0001), as well as in regard to the presence or absence of microcalcifications within the groups of benign lesions (BL− 0.37 ± 0.12 vs. BL+ 1.22 ± 0.23, p < 0.0001). by assigning a score from 0 to 3 according to the number of positive breast cells in randomly-selected regions.
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Ultrastructural Characterization of BOLCs
Transmission electron microscopy investigation was performed on both benign/normal (Figure 5A-C) and malignant breast tissue ( Figure 5I ). Among malignant lesions, we studied the ultrastructural aspect of cells located near microcalcifications. Our analysis confirmed the presence of cells with morphological characteristics typical of osteoblasts ( Figure 5D ). Their cytoplasm was rich in vesicles containing electron-dense granules similar to the intracellular vesicles of the osteoblasts (Figure 5E,F) . Noteworthy, the elemental analysis of the electron-dense bodies inside these vesicles demonstrated the presence of HA ( Figure 5E ,F). In addition, breast cancer cells close to calcifications were embedded in a matrix rich in collagen ( Figure 5G 
Transmission electron microscopy investigation was performed on both benign/normal ( Figure  5A -C) and malignant breast tissue ( Figure 5I ). Among malignant lesions, we studied the ultrastructural aspect of cells located near microcalcifications. Our analysis confirmed the presence of cells with morphological characteristics typical of osteoblasts ( Figure 5D ). Their cytoplasm was rich in vesicles containing electron-dense granules similar to the intracellular vesicles of the osteoblasts (Figure 5E,F) . Noteworthy, the elemental analysis of the electron-dense bodies inside these vesicles demonstrated the presence of HA ( Figure 5E ,F). In addition, breast cancer cells close to calcifications were embedded in a matrix rich in collagen ( Figure 5G -I). 
In Vitro Model of BOLCs Development
Human ex vivo analysis allowed us to develop an in vitro assay to demonstrate the relationship between microcalcification, BOLCs development, and breast cancer occurrence.
Morphological Aspect (Optical and Transmission Electron Microscopy)
Morphological analysis of MDA-MB-231 alone (MDA-MB-231/CTRL) showed that breast cells with mesenchymal characteristics (morphology and vimentin expression) were less than 5%, and no calcifications were present ( Figure 6A) . Conversely, our experiments demonstrated that a high percent of MDA-MB-231-MΦ/CO underwent mesenchymal transformation and osteoblast differentiation. In particular, at the end of experiments, we observed more than 50% of vimentin-positive spindle-shaped breast cells ( Figure 6B ). Mesenchymal transformation and osteoblast differentiation of breast cancer cells were also observed in the co-cultures of MDA-MB-231/CO. Nevertheless, in these conditions, we observed to be less than 5% of vimentin-positive breast cells. Noteworthy, we also identified numerous cells with osteoblast characteristics associated with calcification ( Figure 6C,D) . More important, in the presence of CO ( Figure 6C ), breast cancer cells increase their proliferation rate, also producing large calcium nodules ( Figure 6D ). 
In Vitro Model of BOLCs Development
Morphological Aspect (Optical and Transmission Electron Microscopy)
Morphological analysis of MDA-MB-231 alone (MDA-MB-231/CTRL) showed that breast cells with mesenchymal characteristics (morphology and vimentin expression) were less than 5%, and no calcifications were present ( Figure 6A) . Conversely, our experiments demonstrated that a high percent of MDA-MB-231-MΦ/CO underwent mesenchymal transformation and osteoblast differentiation. In particular, at the end of experiments, we observed more than 50% of vimentinpositive spindle-shaped breast cells ( Figure 6B ). Mesenchymal transformation and osteoblast differentiation of breast cancer cells were also observed in the co-cultures of MDA-MB-231/CO. Nevertheless, in these conditions, we observed to be less than 5% of vimentin-positive breast cells. Noteworthy, we also identified numerous cells with osteoblast characteristics associated with calcification ( Figure 6C,D) . More important, in the presence of CO ( Figure 6C ), breast cancer cells increase their proliferation rate, also producing large calcium nodules ( Figure 6D ). Another protein taken into consideration is the metabolic marker Pyruvate Kinase isozyme M2 (PKM2). The decrease of its expression indicates a metabolic change from glycolytic (typical of a tumor cell) to oxidative (typical of a differentiated cell). Densitometric analysis after Western blot experiments reveals its decrease in MDA-MB-231-MΦ, in MDA-MB-231-MΦ/HAP but above all in MDA-MB-231/CO ( Figure 6F ), while the PKM2 expression observed in MDA-MB-231-MΦ/CO is probably due to a low yield of monocytes ( Figure 6F ).
Transmission Electron Microscopy and Energy Dispersive X-ray (EDX) Microanalysis
TEM analysis, in MDA-MB-231/CTRL, MDA-MB-231/CO, MDA-MB-231-MΦ, MDA-MB-231-MΦ/HAP, showed heterogeneous cell population, including large spindle cells ( Figure 6G ) and rounded cells ( Figure 6H ). Noteworthy, in MDA-MB-231-MΦ/CO group, numerous cells showed typical ultrastructural aspect of real osteoblasts such as diameters >50 µm, large cytoplasms rich in vesicles containing electron-dense granules similar to the intracellular vesicle of the osteoblasts, and huge rough reticula ( Figure 6I-K) . EDX microanalysis demonstrated that electron-dense granules were made of HA ( Figure 6J ,K).
Progression of Breast Lesions with Microcalcifications: Morphological Classification
Among the totality of the samples collected, in this retrospective study, we further studied 15 benign lesions with microcalcification (foll_BL+) and 15 benign lesions without microcalcifications (foll_BL−) from patients that developed a malignant condition in the same breast quadrant within five years from the first diagnosis (lesions with follow-up, foll_BL). Samples were classified as follows: 15 foll_BL+ consisting of five fibrocystic mastopathies and 10 fibroadenomas, and 15 foll_BL− consisting of six fibrocystic mastopathies and nine fibroadenomas. Concerning the respective malignant lesions, the lesions were classified as showed in Table 1 . 
Elemental Analysis of Microcalcifications
The EDX microanalysis performed on breast microcalcifications showed that in benign lesions they were mainly composed by CO (12 CO and 3 HA), whereas in the malignant lesions, calcifications were present in 18 tissues: 15 in malignant lesions of patients with previous foll_BL+ (9 HA, 5 Mg-Hap, and 1 CO) and three in malignant lesions of patients with previous foll_BL− (3HA).
The Link among Microcalcifications, Macrophages, and the EMT Phenomenon
EMT was characterized by the immunohistochemistry of vimentin. Vimentin was evaluated by assigning a score from 0 to 3 according to the number of positive breast cells in a randomly selected area containing microcalcifications.
Notably, we found that foll_BL+ showed a significantly higher number of vimentin-positive cells (1.86 ± 0.21) as compared with foll_BL− (0.13 ± 0.10) (p < 0.0001) ( Figure 7A) . Remarkably, we observed that benign lesions with a higher number of vimentin-positive cells tend to develop into more aggressive malignant lesions. 7C,E,F). No significant differences were observed in the macrophage's polarization in foll_BL− (p = 0.074) ( Figure 7D ). Macrophages were studied as the number of CD68, CD38, or CD163-positive cells on 9.42 mm 2 of breast tissues (results are expressed as the number of positive cells/9.42 mm 2 ± SEM) in randomly selected areas ( Figure 7B-D) . The number of positive CD68 cells was higher in foll_BL+ (101.23 ± 3.57) compared to foll_BL− (10.18 ± 3.52) (p < 0.0001) ( Figure 7B ). Noteworthy, several CD68 positive macrophages were observed close to CO microcalcifications in foll_BL+ ( Figure 7B ). More important, foll_BL+ lesions were characterized by the presence of M2 macrophages (CD163-positive cells) rather than M1 ones (CD38 positive cells) (CD38: 34.23 ± 4.68 vs. CD163: 64.38 ± 6.20; p < 0.0009) ( Figure 7C,E,F) . No significant differences were observed in the macrophage's polarization in foll_BL− (p = 0.074) ( Figure 7D ).
Discussion
Historically, the identification of microcalcifications during mammographic exams is considered a sign of breast disease, both in benign and breast lesions [15] . This makes the mammographic screening the current gold standard clinical methods for the early detection of breast lesions [16] . However, despite the relevant role of microcalcifications in the management of breast cancer patients, and their potential prognostic value, the cellular and molecular mechanisms involved in their formation are largely unknown. In this context, pioneering in vitro studies about osteomimicry of mammary cells have been performed by Maria Morgan and colleagues [11] , who demonstrated that bioengineered 3D scaffolds made of collagen glycosaminoglycan support the growth and mineralization of mammary cell lines due to their capability to simulate the bone microenvironment [11] . In line with these pieces of evidence, very recent studies identified molecules involved in breast cancer osteomimicry. In our laboratory, we highlighted some ex vivo data about the microcalcification formation. In fact, we described, for the first time, breast cancer cells capable of producing microcalcifications in a process similar to bone mineralization [7] . Specifically, we showed that breast cancer cells that acquire both morphological and molecular characteristics of mesenchymal cells by the EMT could then assume an osteoblast-like phenotype under the induction of molecules of the bone morphogenetic proteins family [7] . These cells, called BOLCs, show the capability to produce and secrete breast microcalcifications composed by HA [7, 8, 10, 17] . Starting from these pieces of evidence, this study aims to investigate: (a) the putative association between the presence of microcalcifications in breast lesions and the expression of both EMT and bone biomarkers, (b) the possible role of microcalcifications made of CO in the BOLCs formation by macrophages-related EMT, and (c) the putative association between elemental composition of microcalcifications and breast cancer progression.
For as much as the study of the putative association between the presence of microcalcifications in breast lesions and the expression of both EMT and bone biomarkers is concerned, we performed ex vivo study on 174 breast biopsies. Immunohistochemical analysis of vimentin and CD44 confirmed the evidence that in the presence of microcalcifications, both benign and malignant breast lesions are characterized by numerous breast cells with a mesenchymal phenotype. Thus, the presence of microcalcifications could be considered a negative prognostic factor regardless of the type of breast lesion. In this study, we did not carry out analysis of other EMT in situ biomarkers, such as the loss of e-cadherin or the acquisition of the n-cadherin since the data associated with these molecules in breast cancer are still controversial. Indeed, despite numerous studies reporting on the loss of e-cadherin during EMT [18, 19] , Hollestelle et al. showed that the loss of e-cadherin is not a necessity for EMT in human breast cancer lines [20] . The loss of e-cadherin is well described for a special type of breast cancer-the lobular carcinomas [19] . In addition, Canas-Marques et al. reported several pitfalls in the interpretation of e-cadherin by immunohistochemistry [21] . As reported above, in our case section, no lobular carcinomas were present. Similarly, despite some studies reported the expression of n-cadherin during breast cancer progression, its expression seems to be associated with special types of breast cancer such as lobular carcinomas and micropapillary carcinomas [22, 23] . Lastly, in our experience, the number of n-cadherin-positive ductal breast cancer cells is often negligible if evaluated by immunohistochemistry.
More important, ex vivo immunohistochemical analysis showed the prevalence of BOLCs in the malignant breast lesions with microcalcifications when compared to lesions without calcifications. Specifically, we tested the expression of some known osteoblast biomarkers such as RANKL, OPN and VDR [24] [25] [26] [27] [28] . Among these RANKL and OPN-positive breast cells were higher in lesions with microcalcifications rather than lesions without microcalcifications. Specifically, OPN and RANKL-positive cells were often close to microcalcifications allowing to hypothesize a role of these cells in the production of calcium crystals. In agreement with this, it is known that OPN is a protein involved in the early phases of hydroxyapatite formation [25] , whereas RANKL is a biomarker of real osteoblasts involved in the regulation of bone metabolism by the RANK/OPG/RANKL system [28] . More importantly, our data showed a similar trend in the expression of osteoblast differentiation markers, BMP-2, BMP-4, and PTX3 [29] [30] [31] [32] [33] . Consequently, the expression of BMP-2, BMP-4, and PTX3 could explain both the origin of BOLCs and the formation of microcalcifications. Indeed, molecules of the BMP family, as well as PTX3, are known for their capability to induce both osteoblast differentiation and activity. In particular, both Mantovani's and our group demonstrated the involvement of PTX3 in the deposition of bone matrix [31] [32] [33] . Immunohistochemical data were also supported by ultrastructural investigation in which we described the morphological characterization of breast cells next to microcalcifications. In fact, the morphology of these cells was similar to that of real osteoblasts (large cytoplasm, a huge rough reticulum and cytoplasm's rich in vesicles containing electron-dense granules composed of HA).
These and previous ex vivo data have been used to develop an in vitro model for the study of the role of microcalcifications in breast cancer development. In particular, our in vitro model was based on the evidence that (a) CO microcalcifications are more frequently associated with benign breast lesions rather than malignant ones [7, 8] , (b) the presence of CO can induce the macrophage-mediated EMT in epithelial systems [34] , and (c) BOLCs can originate from breast epithelial cells under EMT stimuli [7, 8, 10] . Thus, to demonstrate a possible active role of CO microcalcifications in breast cancer occurrence and progression, we developed a co-culture system in which breast cancer cell lines (MDA-MB-231) were incubated with both CO and human monocytes. Remarkably, already after 10 days, electron microscopy and EDX analysis displayed the presence of breast cancer cells with osteoblast-phenotype and, most important, the presence of HA crystals. No HA crystals were instead observed in cultures of MDA-MB-231/CTRL or MDA-MB-231-MΦ/CO. Immunohistochemical and western blot analysis of cell cultures also demonstrated that in the presence of CO and monocytes, breast cancer cells undergo to EMT becoming able to produce HA crystals. In agreement with this, in the presence of macrophages and CO, we found an increase in the vimentin-positive MDA-MB-231 cells, a decrease of mutated p53, and metabolic changes toward oxidative metabolism (lower expression of PKM2). These preliminary in vitro data allowed us to hypothesize that CO microcalcifications can participate to breast cancer occurrence and development through the recruitment and activation of macrophages. Specifically, in our hypothesis, CO microcalcifications present in the benign breast lesions could be related to macrophage recruitment and consequently, to the expression of transforming growth factor(TGF) β. As known, TGFβ is the most important EMT inducer able to activate the molecular events responsible to the transformation of breast epithelial cells into mesenchymal-like cells [35] . In the presence of osteoblast differentiation factors such as BMPs and PTX3, these mesenchymal-like cells can then differentiate into BOLCs. Thus, the presence of CO in benign breast lesions could trigger both breast carcinogenesis and the formation of calcifications made of HA.
To further corroborate our hypothesis, we retrospectively collected breast biopsies from 30 patients that developed a malignant lesion within five years from a previous diagnosis of benign lesions (for each patient we collected biopsies of both benign and malignant lesions). In more detail, there were microcalcifications in only 15 benign lesions out of the 30 samples. Noteworthy, in all patients with benign lesions associated with microcalcifications made of CO, the subsequent malignant lesion developed in the same quadrant. Moreover, these malignant lesions were characterized by the presence of microcalcifications made of HA. Malignant lesions of patients with previously benign lesions composed of CO calcifications were poorly differentiated carcinomas. Noteworthy, lesions with CO calcifications were rich in M2 macrophages (CD163 positive cells). No similar results were observed for patients without calcifications in benign lesions.
Altogether our data shed new light about the role of microcalcifications in breast cancer progression and occurrence. In particular, in this study, we proposed a model for breast cancer carcinogenesis based on the capability of CO calcifications to induce macrophage-EMT. Last but not least, this study further emphasizes the biological similarities between bone and breast metabolism.
Material and Methods

Breast Sample Collection
From December 2010 to December 2014, we collected 176 breast samples in total: breast lesions and 124 malignant breast lesions. From each biopsy, paraffin serial sections were obtained to perform histological classification and immunohistochemical analysis. In addition, 1 mm 3 tissue fragments were used to perform ultrastructural (transmission electron microscopy) and microanalytical (EDX-microanalysis) investigations. This study protocol was approved by the "Policlinico Tor Vergata" Independent Ethical Committee (reference number # 129.18, 26 July 2018). Written patient consent was obtained for each patient.
Histology
After fixation in 10% buffered formalin for 24 h, breast tissues were embedded in paraffin. Three-micrometer thick sections were stained with hematoxylin and eosin (H&E), and the diagnostic classification was blindly performed by two pathologists [36] .
Immunohistochemistry of the Paraffin Sections
Briefly, antigen retrieval was performed on 3-µm-thick paraffin sections using EDTA citrate pH 7.8 or Citrate pH 6.0 buffers for 30 min at 95 • C. Sections were then incubated for 1 h at room temperature with the following primary antibodies, anti-vimentin, anti-CD4, anti-OPN, anti-RANKL, anti-VDR, anti-PTX3, anti-BMP2, and anti-BMP-4 (for details see Table 2 ). Washings were performed with PBS/Tween20 pH 7.6. Reactions were revealed by the HRP-DAB Detection Kit (UCS Diagnostic, Rome, Italy). incubated for 1 h at 37 • C. After incubation, the plates were washed three times with PBS and kept at +4 • C until use.
In Vitro Model for the Development of "Osteoblast-Like Cells"
For each experiment, about 40,000 PBMCs and 10,000 MDA-MB-231 were cultured. The experimental scheme was MDA-MB-231 + calcium oxalate (MDA-MB-231/CO), MDA-MB-231 + calcium oxalate + activated monocytes (MDA-MB-231-MΦ/CO), MDA-MB-231 + hydroxyapatite + activated monocytes (MDA-MB-231-MΦ/HAP). As controls, we used MDA-MB-231 + activated monocytes (MDA-MB-231-MΦ) and MDA-MB-231 alone (MDA-MB-231/CTRL). After 10-12 days, the cells were used for all subsequent experiments. of microcalcifications could be considered a key element for understanding both the biology and clinical aspects of a relevant number of breast cancers. Indeed, according to our model, the presence of microcalcifications, also in benign lesions, can assume a prognostic and predictive value as a sign of EMT occurrence and BOLCs formation. In this context, it is important to remember that the presence of BOLCs in primary breast cancer has been associated with an increased risk of developing bone metastatic lesions [1, 8, 10, 17, 40, 41] . Therefore, our study can contribute to the re-evaluation of the role of microcalcifications in the management of breast cancer patients laying the foundation for the development of clinical analysis capable of identifying the risk of breast cancer occurrence and progression based on the in vivo detection of microcalcifications. 
